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Abstract   Cities have evolved in response to the changing modes of transportation. The need to accommodate different forms of mobility has shaped the physical pattern of cities over centuries. This impact on urban form still varies with different modes of transportation. Public and private transportation systems have impacted the urban landscape in different ways. While public transportation has been more prolific as a controlled and dense form of urban growth, private transportation has provided the freedom to sprawl. Witnessing centuries of urban sprawl brought by the advent of automobile era, cities today seek a sustainable, manageable and dense urban future. Built on the relationship of urban form and transportation, many cities have experimented with ways to use public transportation infrastructure as a tool to reshape urban form and redirect the future growth in a desired path. However, the impacts of transit on urban form have been far beyond just the science of place making or policy decisions. Often times these attempts have resulted in unforeseen consequences of unpredictable growth of the built environment. This necessitates the scope of studying instances of successful use of transit infrastructure as a tool to create or recreate urban density.  
 Bordeaux, France is one of the leading cities in integrating transit with urban place making. Fairly new in this trend, it is an efficient premise on which a transit-density relationship can be analyzed and learned. This research aims to understand the essentials that establish this relationship through a case study approach on the densification and tram project of Bordeaux. The study scrutinizes selected existing literature on the perspectives of urban density to prepare a methodology for the case study on Bordeaux. 
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The impacts of the tramway project on the urban landscape of Bordeaux have been analyzed with three different perspectives on urban density. First, a descriptive case study evaluates the evolution of the city from old tram to the new tram and relates the association of different urban projects with respect to the tramway network. It then measures the impacts of this new tram project with quantifiable measures of urban density. In the end, the study investigates the impacts of transit on the visual aspects of urban form and density. The research assesses the interrelationship between the tramway network and the urban form on the basis of the findings from these three analyses. The descriptive case study, quantitative and qualitative analyses altogether illustrate the effectiveness of public transportation as a tool to recreate urban density in the context of Bordeaux.  
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1 Introduction  
1.1  Problem Statement  The evolution of cities’ urban form, from their origin to present time, shows a pattern that has been predominantly influenced by the subsequent evolution of transportation modes. From early cities to modern suburbs, any built environment reflects a strong presence of transportation infrastructure as the vertebra of their physical form. The advent of new modes of transportation contributed to significant changes in the urban landscape. As initially urban agglomerations were pedestrian based, the form of settlements was compact and small. Early transportation modes like horse drawn carriages or boats allowed cities to expand along water facilities or major transportation corridors. During the Industrial Revolution cities observed radical changes in their physical forms due to the influx of people and new modes of transportation. Modern transportation systems, like rail, streetcar, tram, bus or automobile, changed the way land is used in cities.  
 The role of public and private transportation has different implications in the way they influence city structure. While transit works best with a compact and manageable urban form, automobiles give freedom to sprawl. Cars give access to remote areas and diminish the locational dependency of one land use over others. This restricts the ability to control the growth of cities using automobiles. Conversely, transit has been found more useful in directing the growth of settlements in a planned way. Areas near transit infrastructure get locational advantages over others, which increases the value and desirability of building closer to transit facilities. As transit infrastructure, like rail tracks or 
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bus lanes, is a long term investment, these permanent structures clearly demarcate the future path of development of a city. Abundant literature and case studies analyze the influence of transit in shaping cities to accommodate the need of concurrent transportation modes. While much of this literature shows the way cities were developed to accommodate the needs of various transport modes, a conscious use of transport to channelize the growth of urban areas in a preconceived way can also be found in other studies. The need of adopting innovative ways of using transit to shape urban form comes from the need to address issues like population growth, spatial constraints, better connectivity, controlled growth, environmental concerns and a sustainable outlook of city planning. An insight towards such practice can be useful in contributing to the field of contemporary city development in order to better respond to the ongoing debates over the benefits of public transportation in modern cities. 
 Managing growth and consciously designing the urban transport system to help shape the future is common in many European and Canadian cities. Although American cities have been more inclined to the freedom of automobiles, significant consideration for transit is also apparent in some US cities (Forkenbrock, 2002, pp. 153-159). Despite the inclination of American cities towards automobiles, a significant number of large as well as mid-sized cities have been using transit as a growth management tool in recent times (Forkenbrock, 2002, pp. 153-159). However, the practicability of using transit as a tool to re-densify cities is far beyond just the methods found in related literature. Studies can be found where the effort of using public transportation to shape or reshape a city has resulted in unforeseen consequences (Richards, 1969, pp. 239-251). The question is how does the urban form of a city respond to the advent of a new transit line and how this 
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response can be preplanned to achieve the desired goal to shape the future of the city? My research strives to provide insights towards this question by conducting a case study on the tram project in Bordeaux.  
 The new tram of Bordeaux, adopted in 2003 has not only been an urban transport project, but also was conceived as a tool to re-densify the city. To understand and validate the contribution of tram in this context, the case study of Bordeaux will first focus on the historical evolution of different modes of transportation in Bordeaux and the city’s response to them; it will then analyze the new tram project and the quantitative and qualitative changes it has brought to different indicators of urban density. The intention of the study is to identify and understand various variables that made the tram project a successful approach in reshaping the urban landscape in Bordeaux. The evolution of the city within a decade of the inception of the new tram project is the prime focus of the research work. Analyzing the changes that occurred in the urban density parameters with the advent of the tram will help answer queries about this transit-density relationship.  
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1.2  The Case Study: The Context of Bordeaux, France Figure 1-a: Location of Bordeaux, France 
  
 
 
 
 
 
 
 Source: http://www.touradour.com/hotels/grafics/france-aquitaine.png  
Bordeaux is a port city along the Garonne River in the Department Gironde of Southwestern France. Being the 6th largest metropolitan area in France, Bordeaux itself has a population of around 2.4 million with a metropolitan population of 12 million. Its population density is approximately 12,000 people per square mile. Resembling big cities of the United States in terms of population, Bordeaux has a land area of just twenty square miles. The origin of Bordeaux dates back to the 3rd century BC. With centuries of history of invasion, colonization and urbanization, in the 14th century Bordeaux became an important political center of the Aquitaine region of southwestern France. It played an important role in the economic recovery period 
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and intellectual renewal of France in the 18th century and during the French Revolution. It also was a French military base during WWI and was captured by the Germans during the WWII. Bordeaux has been one of the wine capitals of the region. Its economy primarily depends on the wine industry and tourism, along with some technology-based industries. The historic core of the city, a UNESCO heritage site, is one of the major tourist attractions of the Atlantic coast of France. 
As a French city, Bordeaux has experienced a significant journey of urbanization and suburbanization. Bordeaux has an interesting history of urban sprawl and decentralization. Unlike many French cities, Bordeaux has witnessed years of people moving out of the city core. For this reason often times it has been referred to as the ‘sprawled city of France’. The significance of choosing Bordeaux as an appropriate example to learn the influence of transit on urban density comes from the history of the tram in the city. It is the last city in France to r e incorporate the tram in the current city transportation system. It is important in this regard to realize the logic in the approach the city took to adopt a new tramline as a tool to regain its lost density. The history of the city’s first tramline starts in 1880. The tram was the major commuting means of that time and shaped the development of the city in the late 19th century.  
 With the advent of the automobile era in mid- 20th century, the city mayor of that time, Jacques Chaban Delmas, decided to shut down the tram considering it to be old fashioned and inefficient. The tram stopped running in 1958, and the city was redesigned to accommodate the newer form of transportation, the automobile. This eventually resulted in the rise of sprawl from the city core to the western part of the 
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region, towards the sea. Assisted by other similar factors, like the decentralization of the wine industry and major business sectors, the city of Bordeaux soon experienced a significant loss of population and density, and the rise of rival regional centers between the mid- 20th century and the beginning of the 21st century. The failure of the “all car” transport policy of Chaban soon became apparent to the city officials and citizens of the city. To address the deteriorating situation, Bordeaux Urban Community (CUB) adapted a new tram plan in the year 1997. The tram plan was chosen as an alternative to a subway plan, which was rejected for being expensive and inappropriate to change the image of the city in comparison to the tram line. 
The tram project was incorporated with a bigger goal of connecting the city with Paris and other nearby big cities through a fast railway network. In conjunction with this, the tram project was implemented with the view of creating a catalyst to generate a network of densification projects around and along the tramline. The ultimate intention was to use the tram as a tool with dual functions. On one hand, it will reduce the automobile dependency of the city and will help the city grow in a controlled way. On the other hand, it will create new residences, jobs and services, thus promoting re-densification and connecting the city with surrounding regions. Initially tramlines covered most of the city and went through several extensions in later years. Today the tram project does not exist as a single element. As carefully planned, it is now the main artery of communication as well as development. It is the primary spine of the city that has become the corridor of growth and development. The implementation of the tram project has been m o r e  t h a n  just an alternative mode of 
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transportation in Bordeaux. It has been used as an element of reform that will provide opportunities to other projects and help t h e  city regain density.  
 Bordeaux’s urban form has been very responsive to the changes in the urban transportation system over time. Bordeaux is a useful context to study the influence of urban transportation on urban density because of its active involvement in city design approaches with alternate modes of transportation.  The underlying concepts and framework for which the tram project in Bordeaux became a success, provide the premise on which my research is based. Lessons learned give insights into the physical elements of a city on which transit works to recreate density as well as to understand the implementation tools that helped materialize the goal. 
1.3  Scope of the Study The administrative divisions of France are as follows: Regions, Departments, Arrondissements, Cantons, Intercommunal entities (Urban Communities, Agglomeration Communities, and Commune Communities), and Communes (Associated communes and Municipal arrondissements). The Commune or municipality of Bordeaux belongs to the Intercommunal entity Communauté urbaine de Bordeaux (CUB). The Communauté urbaine de Bordeaux or the Urban Community of Bordeaux is the administrative congregation of the city of Bordeaux and its suburbs. The CUB consists of a total of 28 communes, equivalent to municipalities, including the city of Bordeaux, which acts as the cultural, economic and political heart of the CUB. The city of Bordeaux consists of eight quarters or neighborhoods: Bordeaux Maritime, Bastide, Chartons- Grand Parc- Jardin Public, Centre Ville, Caudéran, Saint Augustin- Tauzin- Alphonse Dupeux, Nansouty- 
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Saint Genes and Bordeaux Sud. The study focuses on the commune Bordeaux and the three tram lines - Tram A, B and C (refer to Figure 1c). The extensions of these lines and the proposed line D have also been included within the scope of the study for shedding more light on the analysis. Data collection and computation for the quantitative and qualitative analysis were done within the geographic scope of the administrative boundary of the commune Bordeaux. The tram lines A, B and C are shown in Red, Blue and Green respectively on the map. The existing line of Tram C lies within the boundary of Bordeaux while the Trams ‘A’ & ‘B’ cross the boundary and extend beyond, connecting Bordeaux with its suburbs. For the purpose of the study the tram lines and stations located within the Bordeaux boundary have been taken into consideration (refer to Figure 1-c).  
Figure 1-b: Map showing Urban Community of Bordeaux (CUB) 
 
Cartography Data Source: data.bordeaux-metropole.fr 
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Figure 1-c: Map showing study boundary- Commune Bordeaux and the Tram Lines 
 
Cartography Data Source: data.bordeaux-metropole.fr 
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1.4  Research Questions  My research is based upon the premise that the physical development of a city is correlated with the transportation system. Whether it is public transportation or automobiles, a fair number of studies have shown the influence of transportation modes in shaping the built environment of cities. My research on Bordeaux has been divided into three components: a descriptive case study of the evolution of the tram in Bordeaux, a before-after quantitative analysis of urban density observed from 1999 to 2011, Land use pattern of the year 2010 and a before-after qualitative analysis of the visual density between years 2003 and 2012. These three key components of the research process intend to answer the following questions: 
1. How has the built environment of Bordeaux responded to the building and use of a tram (both the original tram in 1880 and the revived tram in 2003)?  
2. What can be inferred from this observation about the connection between urban density and public transportation? 
3. What changes and geographic patterns of urban density (especially proximity to the tram lines and visual density) occurred over the decade since the tram was reintroduced in Bordeaux?  
1.5  Research Objectives The study, in a broader perspective, attempts to understand the interrelation between urban density and permanent public transportation infrastructure. The case study of Bordeaux is an attempt to understand this issue in a practical sense. Answering the research questions mentioned earlier will help formulate a set of research 
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objectives that will explain the density-transit relationship as observed in Bordeaux. By accomplishing the objectives, the study will summarize the lessons learned about the influence of transit on urban form of a city from the case study. 
The intended objectives are to: 
1. Create a timeline based on the descriptive case study, marking crucial transportation events influencing the physical pattern of Bordeaux. 
2. Make an inventory of relevant projects conducted in conjunction with the new tram project that intends to densify Bordeaux. 
3. Create a set of graphs showing the changes and patterns over a decade in the 5 measurable parameters of Urban Density: Population Density, Dwelling Density, Land Use Intensity, Coverage and Spaciousness. 
4. Create a set of maps depicting the geographic location of the changes and patterns of quantifiable measures with respect to the tram. 
5. Produce a comparable imagery showing change in the visual density between 2003 and 2012 with respect to the tram.   
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2 Literature Review  
The case study of Bordeaux, in understanding the interrelationship of public transportation and urban form, primarily focuses on representing physical form of the city with urban density. Density, in this study, has been used as a tool to describe the measurable and perceivable landscapes of city. However, density, its concept, scope and usefulness, is a controversial element to use in studies. Arza Churchman says “at first glance, the concept of density is wonderfully appealing to planners. It is an objective, quantitative, and, by itself, neutral term. However, a second and third glance reveals that it is a very complex concept. Some of the complexity is inherent to the nature of the phenomena associated with density, but part of the complexity stems from the different ways in which density is defined and used in different countries and different disciplines”(Churchman, 1999, p. 389). For this reason, this literature review has been conducted for understanding urban density and methods to measure it to create a comprehensive research methodology. Firstly, studies explaining various concepts of density in urban planning have been taken into consideration to understand the relevance of density in describing a built environment. Secondly, the literature study has tried to focus in different perceptions of urban density, which is crucial as the case study also focuses on the qualitative aspects of built environment. Lastly, the methods of measuring physical and visual density to be used in this study have been summarized.  
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2.1 The Concept of Density  Density is quite an indefinite term. There have been controversies over centuries about the concept of density in urbanism. The fight with density sustains with numbers that can define the desirability of density in maximum or minimum terms. This desirability, on the other hand, keeps changing over time. In the early era of city development, cities started to grow as dense settlements primarily due to security issues. With the beginning of the twentieth century, the desirability inclined towards low density as overcrowding became one of the undesired factors of cities. Today, however, in most of the cases, the desired and sustainable concept of density supports compact cities.  In order to conduct urban density related studies, it is crucial to understand different concepts of density that explain its effects on the built environment.  
 The most common concept of density, to be understood in urban context, is describing it as a relationship between a given area and the number of certain entities in that area (Pont and Haupt, 2010, p. 11). These entities are generally the number of people, houses, services or floor areas. Pont and Haupt, in their book Spacematrix, argues that this basic concept is not the actual derivation of density. It is just one of the ways of describing density to formulate standards for plans and building design. The actual perception of density lies in its various uses in urban context. Whether it is used to describe a city’s built form or for planning a city, density is described in different ways. The authors of 
Spacematrix break down this conceptual use of density in two categories, descriptive 
density and prescriptive or normative density.  
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 The descriptive density is used to describe the built environment of a city, whereas, the prescriptive or normative density is the one that is used in bye-laws or standards for building or city design purposes. The authors also argue that the descriptive use has been adopted much later than the prescriptive use, which has been used much more extensively in city development. With the advent of urban design, for the purpose of analyzing the physical and visual dimensions of a space, density has been used more descriptively in the late nineteenth century.  For this reason, studies focusing on urban density, are likely to take account of both prescriptive and descriptive forms of density. 
 Descriptive density is specifically useful to describe the built form of a development while prescriptive density is used to regulate the pattern of such development. The descriptive density helps understand how much dense an area we want to design, the prescriptive density then helps in the implementation of that aimed density in the form of building ordinances. This certainly has been useful in understanding the development, growth or decline of a city. As industrialization and suburbanization can be explained with the descriptive and prescriptive densities, they are also tools to monitor the growth or decline of urban areas respectively with increase and decrease of density.  
 In this regard, however, Pont and Haupt have also claimed that “the use of density for anything but statistical purposes is questionable, as it is perceived too elastic concept that reflects the spatial properties of an urban area” (Pont and Haupt 2010, 13). This controversy exists primarily because of the scale that density is used to scrutinize. As density is not even throughout a city or even a neighborhood, averaging density is the problem that restricts its limitation in describing an urban form. At the same time, it is also 
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notable that city design has come down to much smaller scale now a days than in past. In urban design scale, density is a good tool to measure and implement the density that is aimed. Considering both the shortcomings and usefulness of density as a tool to measure urban form and development, it can be said that density might not be the only reliable tool to justify a city’s performance. However, it is one of the only tool that has the ability to portray a number of problems that are generally not well defined using other measures. This research in particular tries to understand the change transit brought in the urban form, which can be perceived usefully by analyzing the change in the urban density. It is therefore useful to take into account both the descriptive and prescriptive uses of density to understand built environment in a better way. 
 Ernest Alexander in his article Density Measures: A Review and Analysis, argues that although the multifaceted aspects of density are of great importance to the evaluation of design and the understanding of people’s reactions to different urban environments, most research tends to focus only on physical density (Alexander, 1993, pp. 181-202). For this reason, literature review has been conducted to contribute to the methodology for analyzing the changes in urban density perceived through eyes, known as the perceived density. Literature on perceived density attempt to experiment with methods to quantify the qualitative and subjective matter of density. Measuring Urban Design: Metrics for 
Livable Places attempts to measure the elements of a place those contribute to the notion of density. Various methods, suggested in this work, include visual observation methods, like taking photographs, videos, sketches and aerial images. To measure density, these means are used to count elements that influence density, such as people, houses, cars or trees of a defined area. Comparing the counts of such elements, for a series of places, gives the 
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relative conception of how dense or sparse those areas are. Elements of change, like season, weather or time of day, matter to a great extent in this kind of analysis of perceived density. Method of analyzing such density, hence, includes the variations of all these transient factors. This particular method, however, describes density as perceived by an analyzer. For this reason, to get a collective perception of the density of an area, the useful method is public opinion. Individuals provide their personal evaluation as they react to the built environment of an area. Summarizing and concluding from such evaluations give a better understanding of the collective perception of density. 
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2.2 Transit-Urban Density Relationship  As the urban form of cities has been responsive to the public transportation infrastructure, a number of attempts have been made by scholars and professionals to understand this relationship and establish theories explaining them. These theories are useful to realize the logic behind the inter-relationship of public transportation infrastructure and dense urban form. The literature review for this research focuses on three such theories those explain the logic behind transit- urban density relationship. The three theories are urban location theory, transit and land use coordination theory, and multi-
modal integrated system theory. The intention of studying these theories is to acquire knowledge about the established impacts that transit and density has on each other. This will again be helpful to relate these concepts with studied impacts of the new tram project in Bordeaux and to find out if these theories rationalize the transit- density relationship in this case as well. 
 Urban location theory explains how and why transit investments influence the urban form (Cervero, 1998, p. 81). Cervero in his book The Transit Metropolis: A Global Inquiry, explains this location theory with a set of examples taken from around the world. He states that transit’s influence works as it provides locational advantages to some places in contrast to other sites. It makes regional areas accessible without being dependent on automobiles. It also increases the benefit by reducing travel time, distance and cost between residences and services. From developers perspective it is also apparent from several studies that close proximity to transit facilities brings up land value as well as augments the desirability of certain sites. Urban location theory justifies this relationship for all different land uses like residential, retail, office or utility service for its connection to 
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public transportation infrastructure. The theory certainly provides important basis in understanding the underlying cause that helps transit to shape urban form with desired level of density. 
 In lieu to the transit and land use coordination theory Cervero talks about the potential of transit infrastructure to create a mix of land uses in a certain area which in other words is to instigate the development of a dense settlement. Unlike suburban land use patterns, transit facilities can serve more than one land use in the same location. Standing in a five minute walk from a transit station benefits residences, retails as well as offices. As it can serve more than one use in a single area the coordination between transit and land use becomes a powerful tool to shape the urban form. Mixed use developments encourage the association of services in a compact region and hence it promotes density more efficiently than any other form of mobility options. From urban design perspective this coordination brings the opportunity to recreate livable and vibrant neighborhoods that helps create a desirability of density among the residents. From implementation perspective this relationship is also easy to materialize through a set of building and city design guidelines.  
 Multimodal integrated theory establishes the positive influence of transit on other modes of transportation. Public transportation opens up the chance for other various modes of transportation and gives commuters more than one option to choose from. Emerging concepts like park and ride or integral commuter’s pass are the examples of such advantages that transit provide to the end users. As transit infrastructure has the ability to integrate other collective modes or individual modes of transportation. It increases the 
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desirability to live or work near a transit stop. Flexibility in choosing the mode of commute also helps to regulate the outreach of development that one want to anticipate. Many recent case studies show that areas where commuters have the option to choose from and switch to different modes of travel have high potential to be developed at a fast pace. Opportunity of riding a car and then switching to other modes is becoming popular models of transit oriented designs. This system of integration certainly justifies the capability of transit to be effective in building density.  
 However, Cervero has tried to warn that all these theories work under the realm of certain prerequisites. Either standing in the verge of a rapid growth period or sudden boom in the economy of a place, all becomes driving factors while one tries to draw a connection between transit and density. It is important to take into account the economic, social, cultural as well as political scenarios of a region while investing in transit infrastructure as the catalyst of urban development. This lesson is the key that helped in better understanding of the situation of Bordeaux. Not just the inter-connection, it is therefore, also important to scrutinize the market factors under which the tram project in Bordeaux enacted and shaped the city’s urban form. On the premise of these theories, my research will try to comprehend the implication of these theories in the case of Bordeaux. The case study will try to find out if all or any of these theories are able to justify the transit- density relationship in Bordeaux and to what extent.   
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2.3 Literature Case Studies  The case study of Bordeaux aims to understand if public transportation infrastructure has an impact on recreating urban density that is apparent in the built environment of the city. The result established different properties of transit-density relationship observed in Bordeaux. Before conducting the analysis, literary case studies have been done on similar projects where transit has impacted the physical development of cities. The first literary case study has been done on Copenhagen where transit route was used in planned and anticipated manner to direct the future growth of the city in a desired way. Another case study has been done on San Francisco where adopting a new transit line did not directed the growth of a city as anticipated. The intention of studying these two extreme examples of transit-density interrelationship is to judge the position of the case of Bordeaux. At the end of the research this helped validate if the tram project in Bordeaux stands in a spectrum closer to the most likely ideal situation of Copenhagen or closer to the San Francisco case where the result was incidental and not preplanned. The importance of this comparison is that it helped answering the question if the tram project in Bordeaux has impacted the built landscape of the city as anticipated or the transit-density connection has been incremental of the market forces. 
2.3.1 Case Study 1- Hand-Shaped Metropolis, Copenhagen, Denmark  The case study on Copenhagen done by Cervero in his book The Transit Metropolis: 
A Global Inquiry tells the story of transit as an instrument to create a desired form of built environment (Cervero, 1998, p. 132). Copenhagen is comparatively a large city in a small country Denmark. Its population stands about 1.7 million as comparison to the country’s total population of around 5 million. Spread in a land area of about 1,100 square miles, 
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Copenhagen is comprised of two central municipalities, the city of Copenhagen and the city of Frederiksborg. The central city is surrounded by the county Copenhagen as its first ring and Frederiksborg and Roskilde counties as its second outer ring. The city of Copenhagen is the national capital along with its main commercial, industrial and cultural center (Cervero, 1998, p.132). Copenhagen has a regional governance since the post-World War II era. This regional planning was structured with a rail network that served new towns at the south and south-western part of the country. For the continued pressure of regional influence on the city, Copenhagen aimed at a coordinated plan to link the city with the master planned suburbs in a cohesive manner. This vision was conceived in the year 1947 with the adaptation of the Finger Plan.  
 Being the largest population concentration of the country, Copenhagen experienced a population surpass during World War II (Cervero, 1998, p. 136). With a future of constant growth and steady governance, the city required to control the growth of the urban development in a progressive way. The adaptation of the Finger Plan in 1947 was envisioned to create corridors of growth that will not be isolated but will be connected with the central city and at the same time can be regulated for a desired density. The logic behind the finger shape was to create corridors of dense settlements radiating from the Copenhagen city to the five historic market towns of north Zealand. The urban density of these finger channels was carved out by the rail network and was secured from spreading out or merging with each other by the insertion of wedge shaped preserved green areas in between the fingers. The plan promotes the notion of regional accessibility and sustainability. The main objectives of creating such transit controlled development pattern were to reduce daily commuting distance and time, alleviate traffic issues of central city, 
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create a locational linkage between commerce, industry and labor supply, and ultimately to observe and maintain a balance between built-up space and green space. The vision was apprehended primarily by using the radial rail network as a permanent shaper of the urban environment. In association with it a number of redesigns of pedestrian, street, bike and other modes of transportation were incorporated with the main artery of circulation. Along with the creation of rail infrastructure, the regulation and implementation of development were enforced by a series of local zoning and land use ordinances those supported the guiding principles.  
 The case study establishes the theories discussed earlier on the transit-density relationship in a practical context. It shows the power of permanent transit infrastructure to shape the built form of a city. It also educates us about the supporting factors that are necessary to establish this connection in a successful way. The success of this project does not only lie in its ability to create a desired built form with public transportation network, but also in the way it has become a marketing strategy for the city itself. The controlled growth helps planning officials as well as citizens to visualize the future growth pattern of the city. It reduces the uncertainty of progress in long run and creates a strong, bold and inventive image of the city. 
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Figure 2-a: Map showing the Finger Plan of Copenhagen 
 
Source: Cervero, 1998, p.137   
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Figure 2-b: Map showing the Rail Network of Copenhagen 
 
Source: Cervero, 1998, p.133  
2.3.2 Case Study 2- San Francisco Bay Area, BART System  The case of San Francisco presented by Robert Cervero tells a different story of the influence of transit on built form. Unlike the Copenhagen scenario, the BART system plan in the Bay area of San Francisco shows the uncertainty of transit-density relationship driven by certain unforeseen forces. Located in the west coast of Northern America, San Francisco, the city and the county is the cultural, commercial and financial center of the northern part of the state of California of United States. It is the second most densely populated stand-
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alone major cities of the States (Source: US Census 2010) with a population of around 17,250 people per square mile. The city and its surrounding areas are together known as the San Francisco Bay Area. The Bay Area Rapid Transit (BART) system was conceived in early 1950s followed by the initiation of the regional rail service in 1973. While planning the system was perceived to channelize the development of the bay area along “radial corridors, leading to a star-shaped multi-centered metropolitan form” (Cervero, 1998, p. 90). Words taken from the 1956 Regional Rapid Transit plan, the growth was envisioned “something between the tightly nucleated clusters which form the typical metropolitan areas of the East Coast and vast low-density sprawl of the West Coast’s Los Angeles” (Parsons, 1956, p. 10). Observing the influence of the BART system on land use and urban form over a period of two decades (1973-1993) Cervero finds out a different outcome in the consequences of the proposed system. With a vast contrast with the Copenhagen case, BART influenced decentralization rather than its vision of centralizing growth.  
 The impacts of the system have been categorized in three ways by the author. The first impact, which shows to some extent a success in creating aimed density, is found in the downtown area. Within the first two decades the area witnessed addition some 2.6 million square meters of office space within a half kilometer of downtown BART stations (Cervero, 1997, pp. 309-333). This brought a substantial centralization of growth in the core of the bay area and helped spur in regional economy. However, as the author states, “outside downtown San Francisco, BART has generally been a stronger force toward decentralization than concentration” (Cervero, 1998, p. 92). With exception of few stations, most of the suburban stations of the system observed unattractiveness. The development in those area happened depending on the freeway network, facing backwards to the rail 
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network. The population growth of these areas did not follow the corridors of the BART system. Rather it was controlled by “private real-estate interests and whims of municipal zoning” (Cervero, 1998, p. 90). The unevenness in the success of BART to spur the redevelopment of a declining central-city district reveals the risk factor of coping public investment in a strong private capital influenced environment without a strong and bold planning strategy. The inter-dependency of transit and urban form is not a stand-alone phenomenon. It is a function of multi-variable factors that can change the impacts of this connection in the long run. The lesson learned from this study is crucial as it tells about the importance of cohesive planning to establish a successful transit-density relationship.   
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Figure 2-c: Map showing the BART system of San Francisco Bay Area 
 
Source: Cervero, 1998, p.91 
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3 Methodology  
3.1 Research Methodology- Measuring Urban Density  The influence of the tram on the urban form of Bordeaux can be analyzed by measuring changes in the different indicators of urban density. The literature review finds two distinct forms of density used in the urban context- Prescribed density and Perceived density. Prescribed density, referred as physical density in the paper, represents the physical properties of urban density, whereas, Perceived density, referred to as visual density in this thesis, reflects the human eye’s perception of the prescribed density. To analyze the possible changes in urban density before and after the inception of the tram in 2003, a methodology has been developed based on the literature for measuring both prescribed or physical and perceived or visual densities of Bordeaux.  
3.1.1 Measuring Physical Density  Physical density measurement methods quantify the physical properties of urban density. Pont and Haupt, in their book Spacematrix: Space, Density and Urban Form, highlights several methods of analyzing and representing physical properties of urban density. Adapted from his work, my study focuses on the methods of measuring five selected properties of physical density- population density, dwelling or housing density, land 
use intensity, coverage and spaciousness (Pont and Haupt, 2010, p. 80).  
 Population density is measured as the number of people or households in an area and dwelling density is measured as the number of dwelling units in an area. Changes in the population density and/or in the dwelling density of an urban area often reflect some 
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changes in the built environment. Tracking the changes of these two aspects of physical density, before and after the new tram in 2003, shows the impacts of the new tram on the urban landscape of Bordeaux. Number of household does not always give a clear indication of the population density of an area. In scenarios, such as a five membered family living in an apartment and a two membered family living in the same apartment, calculating population density using household number might mislead the interpretation of the actual number of people in an area. For this reason this study does not include household numbers and restricts to the absolute number of people residing in an area.  
 Land use intensity is useful to measure urban density, specifically for the prescriptive use, described in the literature review chapter, to implement density standards in an urban context. Land use intensity is expressed by allocating specific future uses to the land parcels in an area. It tells us whether a land parcel is to be built as residential, commercial or as any other forms of use, or if it is to be built as a low, medium or high density parcel. An analysis of the existing land uses around the tramlines in Bordeaux helps generate a pattern of the built environment and its relation to the tram. This again helps illustrate and make a case for the potential relationship of urban density with the proximity to the tram and to understand what kind of land uses work well with the tram.  
 Coverage is a measurement that helps to explain the relation between the built and non-built environments. It is expressed as a ratio or percentage of the built-up area to the open area of a given space. It also provides a figure-ground image of the area telling us how much of the area has been built-up and how much of the area has remained unbuilt. The quantitative analysis of the study, discussed in the research process section below, 
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measures coverage at successive buffers from the tramlines in Bordeaux. The measured coverage for each buffer shows the trend of built-up area in relation with the proximity to the tramlines. The trend helps identify the impacts of the tram on the built environment of the city. 
 Spaciousness illustrates the level of crowding of a dense urban area better than any other density indicator explained so far. Unlike coverage, spaciousness shows the amount of open space available per individual residing in a particular area. It is calculated by dividing the area of open space in the study area with number of people residing in the area. Similar with the analysis of coverage, spaciousness has also been measured for areas within successive buffer distances from the tramline.  This is more thoroughly explained in the quantitative analysis process discussed later. The trend of spaciousness measurements shows the change in the availability of open space, and hence crowding, within proximity to the tramline.  
3.1.2 Measuring Visual Density  Visual density is important to study as it portrays how the changes in the physical properties of density are reflected in the built environment. However, measuring visual density is not as straight forward as measuring physical density. The methods vary depending on geographic location, country and purpose of the study. In Disentangling the 
Concept of Density, Churchman argues that there is no single measure or perception of density that is accepted widely. Campoli and MacLean in their book Visualizing Density talk about different qualitative methods of representing visual density. They have presented a series of graphics by which the visual density of an area can be shown for different scales of interest. As visual density is the perception of the built environment observed by humans, 
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studying or measuring visual density requires a predetermined scale of analysis. This scale of analysis, as described by Campoli and MacLean, ranges from city or neighborhood level to block level. Depending on the scale, different tools are used to analyze the visual density. 
 The purpose of analyzing the changes in the visual density of Bordeaux is to relate those changes with the changes in the physical properties of urban density. The study first identifies the geographic locations of the probable changes in the physical density using methods discussed earlier. It then selects the areas with major physical density changes and tries to get the visual perception of those changes through visual density analysis. Measuring the visual density change for those selected areas restricts to individual site level scale. Adapted from the methods by Campoli and MacLean, my analysis uses aerial images from 2003, the year tram started in Bordeaux, and 2012, a decade after the inception of the tram. Taken from their work, Figure 3-a below shows a guideline that has been used to develop the methodology of measuring changes in visual density. The qualitative analysis, focusing on relating the changes in physical density with visual density, first shows the results of population and dwelling density changes of selected sites. It then compares the before and after aerial images to get the visual perception of those density changes. In my study aerial images are used, as human-eye level pictures are unavailable for both of the concerned years.  
 Visual density analysis involves a range of other aspects of this density such as building height, three dimensional effects, streetscape, urban design and many more. However, due to limited resources and time, my study focuses only on the visuals of urban density observed through aerial images for available years. Although the human scale perception of the visual density is not fully possible to be read through aerial images, they 
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at least provide some visual dimensions to the quantitative physical density analysis. The aerial images are also useful in validating the results of quantitative analysis that measures the changes in physical density. The collective results of the changes measured in physical and visual density help in summing up the potential impacts of the tram on the urban density of Bordeaux. Pattern and perception of these two types of density contribute insights to the key research question that attempts to find the changes in the urban landscape over the decade due to the reintroduction of the tram in 2003. 
Figure 3-a: Methods of Analyzing Visual/ Perceived Density 
  
Source: Campoli and MacLean, 2007, p. 122 
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3.2 Research Process  To analyze the impact of public transportation infrastructure, like the tram in Bordeaux, on the urban form of the city, the research is broken down into three different methods of analysis- 1. A descriptive case study of the tram in Bordeaux; 2. Analysis of the quantitative indicators of urban density; and 3. Analysis of the visual or qualitative indicators of urban density. The descriptive case study gives an overview of the history of the tram in Bordeaux. It also studies the physical growth of the city facilitated by the initial tramline of 19th century, the consequences following its demolition and the adaptation of the new tram project in 2003. The other two parts of the research method concentrate on analyzing the changes observed in the quantifiable and qualitative parameters of urban density, correlated with the timing of the adaptation of the Bordeaux Tramway Network. Methods to measure the change, both in the quantitative and qualitative analysis, have been adopted from the literature, studied earlier in the paper. 
3.2.1 Descriptive Case Study 
Objectives: 
• To learn how the urban landscape of the city has responded to the changing transportation modes since 1880 with the building of first tramline. 
• To understand how the new tramline intends to change the built environment of Bordeaux   The descriptive case study of the tram in Bordeaux is broken down in four major parts. 
• The old tramline: In this part the history of the old tramline will be documented. The main focus of the study will be to understand how the city expanded along with its tramline during the late 19th century. 
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• The decline of the old tram line: The second part of the descriptive case study aims to focus on the after effects on the built environment in Bordeaux observed after the tramline was stopped in 1958. The study will also try to understand the shortcomings of the impacts that the automobile era had on the city’s physical form, which became evident by the adaptation of the new tram.   
• The new tramline: This part will scrutinize the causes that initiated the adoption of the new tramline and the decisions and objectives around the new tramline.  
• Projects adopted in conjunction to the tram project: Along with the new tram project, a considerable numbers of important projects have been implemented in Bordeaux. This part will conduct a brief analysis of these projects those were crucial in establishing their possible relationship with the tram project. This again helps to examine if this relationship has any impact on the built environment of the city. 
Data Source: 
 The descriptive case study primarily relies on the data and literature gathered during the field study in summer 2014 including journal articles, websites, books, project brochures, project plans, design studies and interviews with people related to the urban planning profession in Bordeaux. 
 A detailed outline of the descriptive case study is given below: 
Early Tram: 
• The origin and effects of the old tram on the physical development of Bordeaux in the 19th century.  
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The Decline of the Tram and the “All-Car” era: 
• Causes behind the decline of the old tramline and the growing adoption of automobiles. 
• Changes observed in the urban landscape of Bordeaux during this era. 
The new Bordeaux Tramway Network (Tramway de Bordeaux) Project:  
• Reasons behind the transition from the “All-Car” era to the new tram. 
• How this project has been envisioned to re-densify Bordeaux. 
Urban Projects associated with the Tram Project:  
• The geographic and strategic connections of the urban projects with the tram project. 
• The implications of these projects in effecting the urban density around the tram network. 
Conclusion:  The descriptive case study will be summarized by asking and answering the following questions: 
• What changes in the urban environment can be observed as Bordeaux switches from tram to automobile and then again to tram? 
• How does the new tram project aim to reshape the urban landscape of Bordeaux? 
• What were the significant events that mark change in the urban form of Bordeaux?    
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3.2.2 Quantitative Analysis  This part of the study observes and analyzes changes in the built environment of Bordeaux after the inception of the tram network in 2003. For the release of INSEE (National Institute of Statistics and Economic Studies, France) data in years 1999 and 2011, a time period of 12 years has been taken to analyze the quantitative parameters of urban density. The goal of this part of the research is firstly to detect if the new tram project can be correlated with changes in the urban density of the city and secondly, if the changes are apparent, to identify the areas of these changes and their magnitude.  As found in the literature, this study measures urban density as: Population density, Housing density, Land Use, Coverage and Spaciousness.  The original idea was to analyze density 2000-2010, giving some time before the inception of the new tram project, and some years after.  However, as the sources and release dates of the data vary for individual parameters, this timeframe has been altered with respect to the availability of data.  Details of the data taken for each parameter is given in the data sources below. The results of this method are represented in two ways. The amount of observed changes in the parameters is represented through charts, graphs and bars adapted from literature. The physical locations of such changes are depicted using maps and graphics.  
Objectives: 
• To analyze if there has been any changes in the 5 quantifiable measures of urban density in Bordeaux within a decade after the inception of the new tram project. 
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Population Density: 
• Data Collection: Gather Census Data for the population for the years 1999 & 2011 at the geographic level of the Commune or the city of Bordeaux 
• Data Processing: Map (Choropleth Map) the distribution of the population density for the years 1999 & 2011 
• Data Analysis: Analyze the geographic pattern population density changes  
• Conclusion: Summarize by finding any significance of the geographic pattern in the population density changes in relation with the tram  
• Data Sources: INSEE.fr and data.bordeaux-metropole.fr 
Dwelling/ Housing Density: 
• Data Collection: Gather Census Data  for housing for the years 1999 & 2011 at the geographic level of the Commune or the city of Bordeaux  
• Data Processing: Map (Choropleth Map) the distribution of housing density (number of houses per INSEE unit area) for the years 1999 & 2011 
• Data Analysis: Analyze housing density changes occurred geographically with respect to the tramline 
• Conclusion: Summarize the significance of the changes observed  
• Data Sources: INSEE.fr and data.bordeaux-metropole.fr 
Land Use Intensity: 
• Data Collection: Gather Land Use data from European Environment Agency for year 2010 
• Data Processing: Map different land use types in Bordeaux Commune 
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• Data Analysis: Analyze the distribution of land uses with respect to the tramline 
• Conclusion: Summarize significance of the changes observed   
Coverage:  
• Data Collection: Gather GIS data for building footprints in Bordeaux for 2011 
• Data Processing: Run buffer areas of 250, 500 and 750 meters (Scenario 1, 2 & 3 respectively) around tram network and calculate coverage for each buffers and coverage for the entire city (Scenario 4) using the formula Coverage= Built Up Area/ Total Area. Prepare graph showing Coverage Gradient from the results and map the different scenarios. 
•  Data Analysis: Analyze the results of the four scenarios and find how they relate with the tram 
• Conclusion: Find the significance of any relation observed between the scenario results and the tram 
• Data Source: data.bordeaux-metropole.fr 
Spaciousness:  
• Data Collection: Gather GIS data for building footprints and population in Bordeaux for 2011 
• Data Processing: Run buffer areas of 250, 500 and 750 meters (Scenario 1, 2 & 3 respectively) around tram network and calculate spaciousness for above buffers and spaciousness for the entire city (Scenario 4) using the formula Spaciousness= (Total Area – Built-up Area)/ Population of the Area. Map the different scenarios and prepare graph showing Spaciousness Gradient from the results. 
P a g e  | 39  
• Data Analysis: Analyze the results of the four scenarios and find how they relate with to the tram 
• Conclusion: Find the significance of the changes observed 
• Data Source: data.bordeaux-metropole.fr  3.2.3 Qualitative analysis  Visual urban density has been studied by the use of aerial images of the areas at distance of 500 meters along the tram lines. Qualitative analysis of visual density is repeated for two sets of aerial photos, one from 2003 and the other from 2012.  
Objectives: 
• To detect changes in the Visual Density related to the advent of the new tramline and to locate the changes geographically Visual Density: 
• Data Collection: Gather aerial images for 2003 and 2012 
• Data Processing: Compare the images visually within a  500 meter buffer on both sides of the tramlines A, B and C 
• Data Analysis: Mark the locations of the changes observed 
• Conclusion: Find the significance of the changes with respect to the tramline 
• Data Sources: data.bordeaux-metropole.fr for 2012 aerial imagery and Google Earth for 2003 aerial imagery  
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3.3 Research Flow  Figure 3-b: Research Flow  
 
Source: author  
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4 Descriptive Case Study  
 The evolution of the tram in Bordeaux describes its importance in the morphology of the city’s urban landscape. The various stages of evolution of the tram are the milestones when the built form of the city changed itself to be responsive to accommodate the changing needs. Shifts from one transportation mode to another, especially from a public mode to a private, associated with a number of other influencing issues were responsible for the changing landscape. Tracking these historical shifts simultaneously with the shifts in the urban landscapes gives an insight towards the relationship between transportation and urban form. This eventually provides a behavioral pattern of the city on which future planning and assumptions can be based.   The descriptive case study on the evolution of the tram line in Bordeaux aims to sketch such a pattern that can be derived from past and can be projected to understand the present and future of the transit- density relationship in Bordeaux. The study observes the historical development of the city as it experienced the transition from tram to automobile to tram again. It also takes note on the new tram project and the urban renewal projects associated with it to understand how these have worked together to channelize the future development of the city.       
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Figure 4-a: Map of Bordeaux in 1902 highlighting the early tram network 
 
Source: http://www.discusmedia.com/catalog.php?id=31026 
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4.1 The Early Tram  The first tram in Bordeaux was established in 1880. The carriages of the early tram were drawn by horses and shared the same road with pedestrian and other vehicles. The tram network started with the historic city center and stretched out both radially and along the river edges to connect the center city to the peripheries. It was a major mode of commuting and created linkages between remote areas. The tram network grew extensively, and by 1946 it had 38 tram stretching a total length of 200 kilometer (120 miles) and carrying about 160,000 passengers per day (Miller, 2010).   Figure 3a shows a map of Bordeaux from 1902 that highlights the tram lines of that time. It is evident from the map that the early tram network created the spine of urban transportation within the city. It defined the major arteries of connectivity and provided a framework for growth. Bordeaux shares commonalities with many French cities in terms of morphological and topological structures. City centers, surrounded by walls in ancient time, were the main commercial, cultural and social magnet of the city. The early tram followed the ancient morphology of the city and strengthened it by providing a permanent corridor of growth and opportunities.  
4.2 Decline of the Early Tram and the ’All- Car’ era  The decline of the tram in Bordeaux was result of a change in the political and social environments in the mid-19th century. The changes were not confined to the boundaries of Bordeaux. It was a concurrent trend going on in the world which got reflected in many French cities including Bordeaux. The sudden disappearance of the tram in Bordeaux during 1950s can be explained by two major issues. The first major issue that called for the decline of the tram is the mass production of cars post-WWII. As cars became more popular 
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and affordable among the middle class families, the attractiveness and urge for public transportation declined. Sooner streets began to get saturated by automobiles, traffic jam became an emerging issue by the end of the century. The old tram in Bordeaux was designed to be a permanent transportation infrastructure that occupied a major portion of the streets. As the automobiles and other public transports, like busses, were few, the existence of tram was not considered as to be an interference in the mobility of Bordeaux at that time. However, as the number of cars augmented, the existence of the tram was considered unnecessary. It was blamed as the core of congestion and hence, was decided to be eliminated from the urban core.  
 The political and social environment also reacted against the tram in Bordeaux like many other French cities. The government officials responded against the tram and decided to dismantle the network to make space for the cars. The city witnessed a new development pattern that supported the ‘all-car’ era. The plazas and squares those were developed around the tram stations were converted into parking lots demanded by the automobiles. Sidewalks were compromised to widen the streets to accommodate more cars. And more importantly, the compact, dense and walkable urban fabric started to sprawl and expand in a rapid manner. The emphasis on the automobiles and bus transportation was also influenced by the military and industrial pressure of the time. It influenced the construction of the highways and the allocation funds required for transportation infrastructure into roads. All these contributed to the demise of the tram, which was officially abandoned in the year 1958 along with a revolutionary change in the urban form of the city. 
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4.3 The New Tram  The ‘all-car’ era and its impact on the urban development of Bordeaux lasted more than half a century. The complications of car dependent transportation system soon became obvious to the citizens and the government officials. With the rising population, the urban sprawl became evident by the end of 20th century. Bordeaux started to expand along its peripheral regions and the industries started moving out of the city. Historically, the city core has been the center for commercial and social activities. The suburbanization turned the historic core as a blighted area. This degradation was clearer along the banks of the Garonne, which once used to be an important corridor for industries and commerce. The drastic effects of all these on the tax base of the city started attracting serious concerns from the local officials by the end of the century.  
 In 1995, Alain Juppe was elected the new mayor. He realized the urge for a counter suburbanization action that will solve the concurrent transportation issues and at the same time will increase the density of the city. Under this vision, the city adopted a new tram plan in 1997 and the received support of the central government in 2000 as a ‘public interest project’ (Miller, 2010). To address the rising urban issues, at first, a subway project was considered. However, the tram project was accepted as an alternative of it as the subway project was refused for its huge cost and lesser possibility to impact the urban form of the city. The tram was also chosen to make Bordeaux a part of the rising tram trend in entire France.  
 The new tram was first opened in December 2003 and was extended in three different lines covering over 27 miles of route (Miller, 2010). The tram system in Bordeaux 
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is one of the 16 cities in France that are running on an integrated system of tram, bus and rail. The tram itself carries 45% (Miller, 2010) of the total passengers of the TBC (Tram et bus de la CUB or the tram and bus network of the CUB) network. The new tram closely follows the old tram network of the city. The 3 lines of the new tram network maintain the major artery of circulation of the old tram. However, unlike the old tram network, the new tram network was adopted with multiple intensions of integrating urban planning with transportation.  
 The impacts of this new tram can be seen not only in mitigating traffic congestion, automobile usage or urban sprawl, but also as a catalyst for urban design and future urban development. As described by the blogger Willie Miller, “Tram stops become the focal points of new squares, the centers of new mixed use areas where employment and living space are co-located or the best way of getting to some of the city's remarkable new spaces such as Michel Corajoud's breathtaking Miroir d'eau opposite the Place de la Bourse on the banks of the Garonne.” (Miller, 2010). In many popular public places, like squares or plazas, the automobile entry has been restricted to an underground parking area providing ‘park-and-ride’ facilities. These altogether help in bringing an atmosphere of human scale in these famous public spaces and in the overall built environment of the city.  
 The tramlines are one of the most visible elements of the city and helps in creating a sense of orientation within the city. Unlike the automobiles and buses, tram are permanent and stable to give the streets a sense of new identity. The tram stops are selected to be in the major focal points of the city, which in the course of time attract new social gathering opportunities, like cafes, bars and shops. It can be seen as an effort to define city spaces by public transportation. While creating new spaces around the tram stops and lines, the new 
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Bordeaux tram network also introduces the lost concept of ‘mobile social spaces’ in the urban fabric of the city. The tram-cars themselves become a place for social interactions. The arrangement of seats and standing places encourage conversations and can be considered as an extensive creation of public spaces in the urban core using mobility.  
 The most important contribution of the new tram lies in influencing walkability in the city. As mentioned earlier, opportunities of ‘park-and-ride’ and a smoke free environment help bringing more people to use tram and walk on streets. This walkability is also influenced by mixed-use development around the tram, which is again a stimulus of the new tram network. All these influences of the tram create a vibrant urban landscape making the city comparatively more attractive than the suburbs. It pulls more people into the city by providing the opportunity to live and work close-by and by promoting a healthy and an attractive living environment. It aids the problem of traffic congestion and sub-urbanization, by making the city core well connected and aesthetically pleasing. To sum it up, it can be said that the new tram brings solutions to numerous urban issues observed in the end of 20th century. It showcases an innovative approach towards transit-density relationship and opens up a corridor for growth on which future development can take place.  
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Figure 4-b: Aerial Imagery of Bordeaux showing major Road Network and new Tram Network 
 
Source: author 
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4.4 Associated Urban Projects  The uniqueness of Bordeaux’s approach, to re-densify the city using the new tram as a tool, lies in the incorporation of several urban projects those benefit from and feed on the tram. Along with the emergence of the new tram in 2003, several other projects were initiated to work together to recreate the desired density in Bordeaux. The projects range from small scale local developers’ project to projects incepted by the regional government, Bordeaux Metropole, including national level projects organized by the French government. The projects also vary in their scope, objectives and magnitudes. However, they have the same goal of bringing more people, jobs and vibrancy in the city, with tram being the prime catalyst. The descriptive case study on Bordeaux focuses on two such major urban projects conceptualized to act as contributors to the tram project. The intention is to study the underlying concepts behind these projects and to learn how they assist the tram project in densifying the city. 
4.4.1 50,000 Housing Project  The 50,000 housing project is launched by the Bordeaux Metropole or CUB in 2010 with a view to develop 50,000 housings around public transport routes. The main objective of the project is to create clusters of sites those have high densification potential and stand at a close proximity to the tram stations. It intends to address three main issues identified as critical to Bordeaux by the Bordeaux Metropole. These three main goals are to limit urban sprawl, provide innovative affordable housing to a wide range of population and reasonably reduce distance between residences and dwelling units truncating commuting time. The project makes strategic use of the existing transport hubs, especially the tram 
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stations, as the focal points of a metropolitan reality that will eventually connect the city with the region.  
 The initiators of the project identify two major problems in the development of Bordeaux in the past decades – lack of density and traffic congestion. For this reason, the necessity of the project is to recreate density as well as utilize the benefits of a strong transit network. According to the project initiators, despite many efforts taken by the Bordeaux Metropole, the public transport and central area revitalization initiatives did not help controlling urban sprawl in the city, which was evident for the past thirty years. The project therefore aims to increase the number of residents in the unutilized areas of the city so that the residents can save on commute to work, especially benefiting the poor households. On the other hand, the project acknowledges the role of the new tram as a machine creating housing and jobs along its routes. It aims to provide the opportunity of growth along the tram to private developers and to provide standardized and affordable housings within city limits to address urban sprawl. With these two broad views, the project uses the new tram lines and their extensions for the location of proposed sites of an additional 50,000 housings in Bordeaux.  
 In addition to the major objectives discussed above, the project visualizes to be benefitting many other long-term goals. The Bordeaux-Paris TGV (Train à Grande Vitesse or high speed train) project that is scheduled to connect the two cities within 2 hours by 2016 has been envisioned as one of the major instigations of the project. The TGV project is imagined to bring Bordeaux the ‘European Metropolis’ status for its commercial and residential boosts. The project sees itself as one of the levers of the national projects that 
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connects major French and European cities through fast public transport. In addition to that, in local scale the housing project encourages a lifestyle based on proximity to services and facilities, a diversified economic fabric concentrated in the city center, and promotes a fight against sprawl and proposes sustainable development models. Keeping in mind the growing and diversifying population of Bordeaux and its metropolitan area, in the long run, the project objectifies to accommodate 200,000 additional housing in 20 years utilizing the rings of suburbs connected with the tram ("Bordeaux Métropole", 2013). Creating a balance of the housing demand between the metropolis and its partner territories is one of the underlying intentions of the project as it follows the communication corridor of the future development of the tram network. The new tram in Bordeaux witnesses a lift in the commercial atmosphere along its routes. The housing project serves here as a supply to the demand of the rising commerce in the area and therefore, creates more opportunities for demand in the future.  
 Figure 4-c below shows the locations of the first phase of the project that proposes 18 sites all around the Urban Community of Bordeaux (CUB). It is quite evident from the map that the proposed sites follow the existing, extensions and new lines of the tram network of Bordeaux. The site consists of areas within the city Boundary those were not well developed due to lack of transportation but are well connected with the city center through the new tram. Sites are also situated around the periphery of the city limits focusing on small satellite towns like Pessac, Merignac, Bassens, Blanquefort Andria and many more. These towns connect with the city center of Bordeaux through tram’s existing and proposed routes. The housing project densifies these areas using the tram as a tool to connect the potential growth areas and creating a strong metropolitan region. 
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Figure 4-c: First 18 Proposed Sites of the new 50,000 Housing Project in Bordeaux 
 
Source:  www.50000logements.bordeaux-metropole.fr 
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4.4.2 Bordeaux Euratlantique 
 Bordeaux Euratlantique is a sub project of Bordeaux modernization program 
Bordeaux 2030. It is a part of the European goals for the ‘Bordeaux Metropolis’ conceptualized in a portion of Bordeaux. Euratlantique is formalized through National Interest Operation (OIN), one of the largest programs launched in France. The program initiates the project Bordeaux 2030 that has two major focuses- TGV (Train à Grande Vitesse or high speed train) Bordeaux-Paris connection, increasing its potential passengers and creating a business center ‘Euratlantique’ along with neighborhood redevelopment. Euratlantique is divided into 3 time phases (2013-2018, 2018-2022 and 2022-2027) and focuses on 4 major geographical areas- Saint-Jean Belcier, Eiffel- Garonne, Floirac-Sud, and Begles- Beam and Begles- Garonne. The project spreads over 386 hectares in the city of Bordeaux (Saint-Jean Belcier & Eiffel- Garonne), 217 hectares in Begles (Begles- Beam & Begles- Garonne) and 135 hectares Floirac (Floirac-Sud) summing up to a total project area of 738 hectares. A detail of the project’s program is given below: 
• Total construction of 2.4 million square meters of net floor area. 
• Approximately 1,200,000 m² or 15,000 to 16,000 housing units. 
• 80,000 m² of housing units for students, elderly people and artists. 
• 400,000 m² of office space (the business center). 
• 150,000 m² of business premises. 
• 170,000 m² of public facilities. 
• 40,000 m² of shop space. 
• 50,000 m² of hotel premises. 
• 50 hectares of green space. 
Source: www.bordeaux-euratlantique.fr 
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Figure 4-d: Map showing the context of Bordeaux Euratlantique  with respect to national scale 
 
Source: www.bordeaux-euratlantique.fr 
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Figure 4-e: Geographic scope Bordeaux Euratlantique  
 Source: www.bordeaux-euratlantique.fr  Within the geographic scope of the city of Bordeaux, the Euratlantique project concentrates in the transportation hub around the Saint-Jean train station and Tram line C. Using transportation as an instigator the project has the following objectives to fulfill in its 15 years’ time period: 
• Developing a vast territory on both sides of the river Garonne, especially on the unutilized lands along the river. 
• Developing a business center to increase the national and global attractiveness of the Bordeaux metropolis. The project aims to upgrade the rank of Bordeaux within top 20 metropolis in Europe in terms of economic and residential attractiveness. 
• Repopulating the heart of the city and creating facilities with an aim to accommodate 30,000 new habitants in future. It targets a balanced distribution of housing stock with 25% social housing, 10% housing tenancies association, 20% low income home ownership and 45% private home ownership. 
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• Developing a sustainable model addressing issues like water management, noise, pollution, energy, landscaping, soil quality, biodiversity, public space, building design, transport and many more. 
• Creating new green districts along the river Garonne; and 
• Promoting cultural and creative atmosphere of Bordeaux. 
 The Euratlantique project has a deep implication in the transportation network of Bordeaux. Geographically it is situated in the close proximity of major transport routes of Bordeaux covering all other transportation routes such as train, bus, tram and roads. It acts as a south-eastern entry point for the Bordeaux metropolis. It creates an access to the city from the Saint-Jean station which is the transportation interchange node for the main line and the regional line trains, and the Trans-Gironde (inter-Gironde) tram and bus lines. It is also a geographical access point to the ring road (interchanges 21 and 22) and the motorway running through it.  
 Figure 4-f shows the location of the urban project in relation to the major transportation networks of the city. The project benefits from the proximity to the tram C running through the project site. It also proposes a future transportation network that will be developed eventually with the progress of the project. Bordeaux Euratlantique project is unique compared to other similar urban projects for its local, regional and national consequences on the transportation network. In national scale, it connects Bordeaux with other major metropolitan cities of France as well as with the southern part Europe. Regionally, it situates in the cross roads of cities like Paris and Toulouse. In local scale, it 
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provides opportunity for growth and redevelopment focusing on the connectivity of Bordeaux with the region, nation and continent. 
Figure 4-f: Bordeaux Euratlantique project with respect to transportation network 
 
Source: www.bordeaux-euratlantique.fr 
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4.5 Summary  The descriptive case study intends to find out various factors those have been instigating the re-densification of Bordeaux along its new tram. Studying the history of tram, its rise and decline over decades, and its implication on urban environment, is helpful to understand the existing relationship of the permanent public transport with the urban density. It is quite evident from the study that during the era of the old tram which operated between 1880 and 1958, the city grew extensively around the tram. It was the main transportation artery of the city and at the same time was the development corridor for future. After the decline of the tram the city tended to grow sprawling outward from the city center. The region grew in population in a much higher rate than the city which indicates suburbanization caused primarily by the advent of the automobiles. This led the city to adapt to a new tram on which the future development path of Bordeaux is determined. The newly adopted tram, which started running from 2003 has been used as a machine that will instigate a reinstitution of the lost density of Bordeaux due to urban sprawl.  
 The conclusion of the descriptive case study of Bordeaux for understanding how the city responded to the change of form of transportation can be explained with the help of the timeline below. The timeline shows the population of commune of Bordeaux from 1793 to 2011. It can be compared to the population of the metropolitan region of Bordeaux, which was established in 1966 and was named Urban Community of Bordeaux or CUB. During the period of the first tram in Bordeaux the population of the city observed a steady rise. After the decline of the tram in 1958, the city started to lose population. In contrast to the population of the city the metropolitan region observed a rise of population at a much 
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higher rate. From mid-20th century to the beginning of 21st century the city lost population significantly while the CUB grew in a high rate. However, the graph changed its direction after the adoption of the new tram in 1997, which started running in 2003. This timeline can be used to conclude to the fact that the density of Bordeaux has been responsive to the change of mode of transport in the city. The urban density of the city, shown as absolute number of population, increased with the inception of the new tram concluding that the tram, as a form of permanent public transportation mode, has helped in the increase of urban density in Bordeaux historically. 
Figure 4-g: Timeline of Bordeaux with Population of Bordeaux Commune  & Bordeaux Metropole 
 
Source: Author.  
Date Source: Ldh/EHESS/Cassini for population data until 1962 & INSEE database for 
population data from 1968  
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 The urban projects studied in the descriptive case study are useful in understanding the collective effort of different interest groups to use the tram as a densification tool. While major projects like 50,000 housing or Bordeaux Euratlantique show a direct implication of the tram in the scope of the projects, several other small scale projects can also be observed coming up in the vicinity of the existing tram as well as along its extensions and new routes. The map below shows the new tram (existing, extensions and new lines), railroads and road network of Bordeaux and the locations of significant urban projects those have been adopted as small initiations for densifying Bordeaux. The close proximity of these project sites to the tram lines establish the fact that the tram has not been alone in contributing to the goal of securing the lost density of the city. These projects have been working together with the advantages that tram has provided in terms of connectivity to bring more people into the city boundary. The tram and the projects have established an overarching effort to re-densify the city and make it strong and connected to the region. 
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Figure 4-h: Map showing the Locations of Significant Urban Projects 
 
Source: Author 
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5 Quantitative Analysis  
 Quantitative analysis aims to measure the changes in the physical properties of Bordeaux’s urban environment that can be observed by the advent of the new tram in 2003. The analysis focuses on five quantifiable measures of urban density and observes the pattern of changes over a decade due to the new tram. The intention is to determine the spatial pattern of these changes and how that relates to the physical location of the tram. 
5.1  Population Density Change  This part of the analysis compares the population density of Bordeaux for the years 1999 and 2011. The density has been measured from population data available from INSEE (National Institute of Statistics and Economic Studies) France. The population census data for the respective years has been put into spatial data and has been divided by unit of area to measure population density. The data has been shown by INSEE census polygons or sectors that distribute the city area spatially. The population density for both years have then been shown using a choropleth map that portray the distribution of low, medium and high population densities across the city. Figure 5a shows the choropleth maps of the spatial distribution of the population densities for the years 1999 and 2011. The maps also show the tram’s existing lines A, B & C, as well as their extensions and the proposed new line D. The objective is to analyze any locational pattern of the change in population density over the 12 years period and to find its connection to the tram. 
 The comparative maps of population density show a rise in the density within the city limits for the study period. They show an increase from low to high density population 
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concentrating in the inner-ring areas just outside of the city center. A significant increase in the population density can be seen along the tram A (shown in red) towards west. Density has also increased along tram C specifically towards its southern end near the Saint Jean station. For tram B, the increase in population density can be seen in its northern parts along river Garonne. Noticeably, the center of the city remains saturated as the population density remains same for that area. Another pattern of change, from low to high density can be observed in the north-western part of the city. The area is in close proximity to the proposed tram D. Population density growth can also be observed in the right bank of Garonne river. The extreme northern part of the city, however, remains scarcely populated over the period. 
 To summarize, it can be concluded that the spatial pattern observed in the rise of population density has a positive correlation with the proximity to the tram as in most of the cases the density has increased along the tram. This observation is crucial as it establishes the relationship of permanent public transportation infrastructures, the tram lines and stations, with the urban density of the city measured in terms of population density.  
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Figure 5-a: Map showing the change in Population Density from Year 1999 to 2011 
 
Cartography Source: Author 
Date Source: National Institute of Statistics and Economic Studies (INSEE) France 
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5.2 Housing Density Change  Resembling the method used for population density change analysis, housing density change analysis has been conducted for years 1999 and 2011. The data of number of dwelling units per census sector have been collected for both years from INSEE and have been divided by the area of each sector to get the housing density. The housing density data for both the years have been categorized as low, medium and high density (defined by the first, second and third quartiles of the population density values) and have been shown in choropleth maps. The maps similar to the population density maps show the trams A, B & C, their extensions and proposed route D. The spatial location of the housing density data helps understand the pattern of geographic change of the density with respect to the tram. 
 The maps show an overall increase in the housing density within the boundary of city of Bordeaux. This rise has mostly occurred in the inner-ring region of the city where the area has close proximity to trams A, B, C & D. Significant rise in housing unit density can be seen along the western part of tram A (shown in red) where it has risen from low to medium and high density in some parts. The majority of density rise can be seen along tram C, especially in its southern part near the Saint Jean station. A significant growth in the housing stock can also be observed in the peninsula region between tram C and D. The area closer to the future tram D has increased in density at a higher rate compare to the other areas. Similar to the population density, the central portion of the city has maintained its high housing density with a little increase towards its western side. Along tram B housing density has increased only along the bank of Garonne. On the east of the river, positive changes can be observed along tram A.  
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 The spatial pattern of the changes in housing density over the 12 years period indicates a positive correlation between the tram and housing density of Bordeaux. It is quite evident that the density, in terms of number of dwellings per unit area, has risen significantly along the tram. The tram provides a demand in the housing market of the area by increasing their locational advantages and hence, results in the increased residential density. The analysis justifies the relation of another measure of urban density with permanent a public transport system. To conclude, it can be said that the new tram launched in 2003 has caused a significant increase in the housing stock of Bordeaux, specifically increasing its density around its vicinity areas. 
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Figure 5-b: Map showing the change in Housing Density from Year 1999 to 2011 
 
Cartography Source: Author 
Date Source: National Institute of Statistics and Economic Studies (INSEE) France 
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5.3 Land Use Analysis  The land use analysis analyzes the distribution of various land uses in Bordeaux. The aim of this analysis is to find out the different types of land uses observed in the vicinity of the tram. This will help understand the relation of different land uses with public transportation and its contribution to the urban fabric. The land use data has been collected from European Environment Agency (EEA) for Urban Community of Bordeaux (CUB) for the year 2010. The collected land use data has following classes- continuous urban fabric (S.L. or land sealing > 80%), discontinuous dense urban fabric (S.L.: 50% - 80%), discontinuous medium density urban fabric (S.L.: 30% - 50%), discontinuous low density urban fabric (S.L.: 10% - 30%), discontinuous very low density urban fabric (S.L. < 10%), isolated structures, industrial, commercial, public, military and private units, fast transit roads and associated land, other roads and associated land, railways and associated land, port areas, airports, mineral extraction and dump sites, construction sites, land without current use, green urban areas, sports and leisure facilities, agricultural areas, semi-natural areas and wetlands, forests and water. The study focuses on the distribution of these land use types across the city and their proximity to the tram. 
 Figure 5-c shows the spatial distribution of the above mentioned land use types within the boundary of commune Bordeaux. The major land use observed is continuous urban fabric. This land use type is determined predominantly by residential building with more than 80% of built-up area (Land Sealing or S.L.). The center of the city, mostly along the tram, this land use type dominates the urban fabric. Continuous urban fabric is associated with mixed industrial, commercial and public use types. This land use can also be seen along the tram, the Garonne and in the northern part of the city. The western part 
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of the city, less covered by the tram, observes a discontinuous dense urban fabric. This land use has residential buildings with 50 to 80% of built-up areas. The northern part of the city observes a low density land uses with mostly green areas, recreational and sports facilities and some industrial areas. Bordeaux also has some inland harbors and port areas within the city boundary that can be seen in the eastern part of the city on either side of the river Garonne. In the southern part of the city, a major land use can be seen dedicated to the railways.  
 The land use analysis portrays a relationship between land use and public transportation. The tram observes high density continuous residential land uses on both sides in majority of its stretch. It also has some concentrations of mixed uses, like commercial, industrial and public in certain places. Connection can also be seen with recreational facilities and other major public transports, like the railway lines, in several areas in Bordeaux. From the observation it can be concluded that land use and public transportation serve each other and provide locational advantages. The tram serve the areas of high residential, commercial and public facilities. On the other hand, proximity to the tram generates demand for more growth in these land uses. It facilitates the new development, at the same time new development facilitates extension of the tram. In a nutshell, land use and public transportation relationship determines the urban fabric of an area. Permanent transportation infrastructure, like the tram, instigates a dense urban fabric and at the same time serves densely populated regions of the city. 
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Figure 5-c: Map showing the Land Use Distribution in Bordeaux 
 
Cartography Source: Author 
Date Source: European Environment Agency 2010 Land Use Data for Bordeaux, France 
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5.4 Coverage Analysis  Coverage analysis determines the amount of built-up area in the city. Coverage can be calculated by dividing the built-up area with the total area for the entire city as well as for sections of the city. For the purpose if this analysis the built-up area in Bordeaux has been calculated from the building footprint shapefile available for year the 2011. The building footprint area (in square meters) has been added to get the total built-up area of the city or sections of the city. This summation of building footprint area then has been divided by the total area of interest to calculate coverage. The intention of the coverage analysis is to determine how the built-up area changes as we go far away from the tram and how the changes reflect in the urban form of the city. The coverage has been calculated for 4 scenarios. The first scenario calculates the coverage observed within 250 meters buffer radius from the tram. The second and the third scenarios calculate the same for 500 and 750 meters buffer distances respectively. The last scenario calculates coverage for the entire city considering footprints of all buildings in the city. Comparing the results of all the four scenarios helps understand the pattern of the built-up area in the city with respect to the distance from the tram. It answers the question about whether coverage value increases or decreases as we move further out radially from the tram. 
 Figure 5d shows a figure- ground map of the coverage in the radial buffers of 250, 500 and 750 meters around the tram. The building footprints that are located within each buffer have been used to determine the coverage for respective scenarios. The darker shades of grey show a high coverage value and lighter shades show low coverage value for the three buffer areas. The results of coverage analysis can be summed up as below: 
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Scenario 1: Coverage within 250 meters radius from Tram Network: 
Coverage = (Built-up Area)/ Total Area in percentage (%)  
                =5233160.26/12391913.06 = 42.23% 
Scenario 2: Coverage within 500 meters radius from Tram Network: 
Coverage = 7752765.71/22117023.95 = 35.05% 
Scenario 3: Coverage within 750 meters radius from Tram Network: 
Coverage = 9433993.79/30136041.19 = 31.30% 
Scenario 4: Coverage for the entire city: 
Coverage = 12122164.34/49845794.60 = 24.32% 
 The results show that coverage value decreases from scenario 1 to scenario 4 concluding the fact that the percentage of built-up area declines as we move further out from the tram. The study yields a high coverage of around 42.23% within 250 meters radius from the tram. This value decreases to 35.05% and 31.30% for 500 meters and 750 meters buffer distances. The value comes down to 24.32 % while calculating the coverage for the entire city. Plotting the results in the map (Figure 5-e) below shows that the 250 and 500 meter buffer areas have darker shades of buildings representing higher coverage values. The value decreases with distance from the tram and we can clearly see lesser built-up areas in the 750 meter buffer. This certainly says that the density of the built structures concentrates around areas closer to the tram and fades away as we radiate out.  
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Figure 5-d: Coverage Gradient Graph 
 
Source: Author   
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Figure 5-e: Map showing the Coverage Gradient in Bordeaux 
 
Cartography Source: Author 
 
GIS & Population Date Source: Bordeaux-Metropole Open Data downloaded from 
http://data.bordeaux-metropole.fr/data.php?themes=1 
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5.5 Spaciousness Analysis  Spaciousness reflects the availability of open space for individuals in an area. Open space does not only refer to the habitable or the usable space in this case. It represents area, which is not built up as oppose to the coverage analysis. Spaciousness analysis has been done by considering the building footprints in Bordeaux as well as the population data collected from INSEE for the year 2011. Spaciousness is determined by the area of open space divided by the number people in that area computing to an area- (square meters)–per-person value. In the analysis, the area of building footprints has been subtracted from the total area to get the amount of open space, which then has been divided by the number of people residing in that area. Similar to the coverage analysis, spaciousness analysis has also been conducted for 4 scenarios. The first three scenarios calculate the spaciousness within 250, 500 and 750 meters buffer distances respectively from the tram. The last or the fourth scenario determines the spaciousness value for the entire city. The analysis aims to determine the availability of open space per individual in the city and its connection to the tram. It help finding out any trend in the change of spaciousness value for the four scenarios. 
 Figure 5-g shows the calculated spaciousness values in 250, 500 and 750 meters buffer distances around the tram. Resembling the opposite of the figure-ground analysis seen in the coverage analysis, the figure represents the open spaces with the shades of white and lighter grey. The result of spaciousness value for each scenario is as follows- 
Scenario 1: Spaciousness within 250 meters radius from Tram Network: 
Spaciousness = (Total Area - Built-up Area)/ Number of People in the Area 
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                = (12391913.06 – 5233160.26)/108,383 = 7158752.80/108,383 = 66.05 sq. m. / person 
Scenario 2: Spaciousness within 500 meters radius from Tram Network: 
Spaciousness = (22117023.95 - 7752765.71)/155,629 = 14364258.24/155,629  
                      = 92.30 sq. m. / person 
Scenario 3: Spaciousness within 750 meters radius from Tram Network: 
Spaciousness = (30136041.19 – 9433993.79)/180,499 = 20702047.4/180,499  
           = 114.70 sq. m. / person 
Scenario 4: Spaciousness of the entire city: 
Spaciousness = (49845794.60 - 12122164.34)/230,842 = 37723630.26/230,842  
           = 163.42 sq. m. / person 
 The results show that spaciousness value increase as we move out from the tram. Figure 5-f plots the graph of spaciousness analysis results for the four scenarios. The graph demonstrates a gradual upward slope representing the change in spaciousness value. The scenario 1 for areas within 250 meters radius from the tram has an open space availability of 66.05 square meters per person. Whereas, scenarios 2 and 3 show 92.3 and 114.7 square meters of available open space per person respectively. The entire city has a spaciousness value of 163.42 square meters per person. More white color shows that the area has comparatively more open space that other areas. The buffer areas of 250 meters and 500 meters have less amount of white space or open space than the buffer area of 750 meters. 
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Clearly, availability of open space increases as we move further out from the tram. Resonating with the conclusions of coverage analysis, spaciousness analysis also shows that density increases in areas closer to the tram providing a lesser amount of open space to individuals.  
Figure 5-f: Spaciousness Gradient Graph 
 
Source: Author   
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Figure 5-g: Map showing the Spaciousness Gradient in Bordeaux 
 
Cartography Source: Author 
 
GIS & Population Date Source: Bordeaux-Metropole Open Data downloaded from 
http://data.bordeaux-metropole.fr/data.php?themes=1 
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5.6 Summary  The five different measures of physical density, analyzed in this section, portray similar trends in the tram and urban density correlation in Bordeaux. Changes occurred in population and housing density between years 1999 and 2011 concentrate around the new tram. The rise in both population and housing density follow the routes of the new tram. Studying the existing land use pattern of the city also supports the accumulation of dense urban fabric in the vicinity of the tram. The land use analysis shows that the urban fabric changes from continuous residential fabric to discontinuous residential fabric as we radiate out from the tram. Similar trend in density is further bolstered by the coverage analysis and the spaciousness analysis. The coverage analysis shows a decrease of built-up area for areas further away from tram network concluding the fact that urban density is higher around the tram. The spaciousness analysis also supports this observation as it shows an increase in the availability of open space per person in areas further away from the tram. To sum up the results of the quantitative analysis, it can be stated that urban density is related with the distance from the tram and increases as this distance decreases   The descriptive case study showed a trend in the physical form of Bordeaux that has been responsive to the location of the tram. The association of the urban projects also showed an effort to create development along and around the tram. The result of the quantitative analysis supports the conclusions drawn in the descriptive case study chapter as it also shows a concentration of density and development directly connected to the location of the tram lines and stations. As descriptive study showed that Bordeaux has developed historically following its old tram network, quantitative analysis shows a similar trend in the decade post-inception of the new tram project.  
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 The geographic pattern of densification, found from both descriptive and quantitative analyses, shows a tendency towards developing the inner-ring areas of the cities. These are areas that are situated in between the center city and the suburbs. The increase in both population and housing densities can be observed in these areas. The image below highlights the inner-ring areas that have observed an increase in population and housing density over the decade. The area, highlighted in green, is the center city where these two densities have remained saturated and hardly any change can be observed. The areas, highlighted in red, are the areas observing maximum amount of population and housing density increase. Certainly, it can be said that the densification approach in Bordeaux focuses particularly in the inner-ring areas as seen below. Figure 5-h: Densification in the inner-ring areas 
 
Source: Author   
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6 Qualitative Analysis  
 Qualitative analysis assesses the change in the visual density of Bordeaux by comparing the aerial images for the year 2003 and 2012. As the new Bordeaux tram project was established in the year 2003 and therefore, the aerial image of that year shows the visuals of the urban form of the city unaffected by the tram. The 2012 imagery, on the other hand, depicts the urban form of the city after a decade of the inception of the tram network. The changes observed in the aerial imagery from year 2003 to 2012 displays the influences of the tram on the urban density that can be perceived visually. To establish the relation of these changes to the tram, the study creates a 500 meter buffer area around the tram and analyzes the aerial images of both years for those areas only. The qualitative analysis is divided into two parts. First part identifies the areas of changes within the 500 meter buffer for the entire extent of the city. The second part then performs a detail scanning of the areas of changes to analyze the visual density change.  
 The study sums up by finding connection of these changes with observations from descriptive and quantitative analysis. The associated urban projects in descriptive part of the study play a major role in changing the visual aspect of the urban density. For this reason, the qualitative analysis aims to connect the changes observed in the first part of the analysis to the location of the densification projects. The observations from the second part of the analysis is beneficial to detail out the changes in the visual density. Figures 6-a and 6-b show the aerials for years 2003 and 2012 respectively with areas of significant changes marked in both of them.  
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Figure 6-a: Aerial Imagery of year 2003 
 
Cartography Source: Author 
Date Source: Bordeaux-Metropole Open Data downloaded from http://data.bordeaux-
metropole.fr/data.php?themes=1 & Google Earth Historic Images  
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Figure 6-b: Aerial Imagery of year 2012 
 
Cartography Source: Author 
Date Source: Bordeaux-Metropole Open Data downloaded from http://data.bordeaux-
metropole.fr/data.php?themes=1 
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6.1  Visual density changes in city level  Figures 6-a and 6-b highlight the areas where major changes can be observed in visual density for years 2003 and 2012 respectively. Qualitative analysis in macro or city level focuses on areas within 500 meters from the tram network that have witnessed significant changes in a decade after the commencement of the tram project. It aims to relate these changes with urban densification projects studied in descriptive analysis. The three major sites of qualitative analysis, as shown in above mentioned figures, correspond to the locations of three major urban projects. Site 1 locates in the site of project Coeur De Bastide, Site 2 locates in the site of projects Saint Jean Intermodal Hub & Bordeaux Euratlantique, and Site 3 locates in the project site of Berges Du Lac (refer to Figure 4-h of Chapter 4).  
 Studied earlier, these projects take locational advantages of the new tram. The three sites portray a picture of the change in the urban form influenced by the tram. The change in the visualization of the density proves the prior observations of density change in descriptive and quantitative studies. The measures that quantified the changes in physical density can be pictured through the aerial images used in this analysis. The next step of this analysis scrutinizes these three sites individually and compares the image of the urban form for both years. In city level, the location of the changes directly correlate to the location of the tram project and the urban densification projects. In micro level, the sites will be related to the actual visuals of the changes and their relation to the quantitative analysis executed earlier.  
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6.2  Localized changes in visual density  Figure 6-c, 6-d and 6-e depict the analysis of visual density in three localized sites. For all the three sites, the areas with some changes in the visual density first have been identified in a macro or city scale and then have been corresponded to the quantitative analysis results. In the end, the changes in visual density have been depicted with comparable before-after images. The images detail out the change in the urban fabric from year 2003 to 2012 that reflects the change in urban density. 
 Figure 6-c shows the change in visual density of site 1 that situates in the project site of Coeur De Bastide. The changes in population and housing densities from year 1999 to 2011 demonstrate increase in both the densities for the study site 1. A closer look into the area shows development of new residential structures in the year 2012. In 2003 the site can be observed as an under developed area along the east bank of the Garonne river. Building of the residential structures supports the results of the density increase measures for population and housing in that area. It also shows a drastic change in the perceived density as the developments bring changes the urban landscape of the site impacting the visual density. 
 Similar observations can be made for sites 2 and 3, depicted in the figures 6-d and 6-e. Site 2 stands on the project site of two major urban projects in Bordeaux. Bordeaux Euratlantique and Saint-Jean Intermodal Hub project aim in creating new housing and commercial structures within the city limits of Bordeaux. The visuals of the site support the project goals as we can observe new developments along the tram C. Quantitative analysis of housing and population densities illustrates significant rise in the density for that area. 
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The aerial images for 2003 and 2012 demonstrate that in 2012 redesign has been taking place in the area by demolishing old buildings and constructing denser building structure. The increase in the visual density is evident in the close-up aerials that also show the proximity of the new structures to the tram. 
 Site 3 in Figure 6-e demonstrates change in visual density from a green field to an upcoming residential neighborhood. Situated at the project site of Berges Du Lac, the analysis of this site shows that this site, by the side of a lake, has been turned into a residential district primarily for having an access from the tram C and its extension on the northern flange. As the project is ongoing, this change in density does not reflect in the results of quantitative analysis conducted for the years 2003 and 2012. However, the change in the urban fabric can be clearly visualized comparing the aerials for year 2003 and 2012. This certainly supports the impact of the tram on the developments in these sites proving the change in the visual or perceived urban density as well.  
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Figure 6-c: Analysis of Visual Density Change at Site 1 
 
Cartography Source: Author  
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Figure 6-d: Analysis of Visual Density Change at Site 2 
 
Cartography Source: Author  
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Figure 6-e: Analysis of Visual Density Change at Site 3 
 
Cartography Source: Author  
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6.3  Summary  The qualitative analysis provides visual perspectives to the changes in urban density observed in both the descriptive and quantitative analyses earlier. It gives an understanding of how these changes look in reality. In one hand, it helps visualize the impacts of the urban densification projects and on the other hand it shows the relative changes in the urban fabric as measured in housing or population density changes. The importance of the qualitative analysis lies in providing visual evidences to empirical and methodical approaches of density analysis. The visual analysis of the research clearly shows an impact of the tram on the urban form of Bordeaux and bolsters the argument of increased density derived from both the descriptive case study and the quantitative analysis. 
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7 Conclusions  
7.1  Summary  Descriptive, qualitative and quantitative analyses of Bordeaux suggest a possibility of positive correlation of public transportation and urban form in the city. The descriptive analysis shows the association of urban projects along the new tramway project and its future extensions. The quantitative analysis finds the proximity of density rise towards the tramline. The qualitative analysis illustrates this probable correlation by tracking the change in visual density. These three analyses suggest different aspects of the transit- density relationship in proximity of the Bordeaux Tramway project. Combining and linking the three different analyses help understand the specific case of Bordeaux, and to then pose questions based on the experience in one city for a more comprehensiveness of the transit- density relationship. 
 The research finds two major aspects of transit-density relationship from the case study of Bordeaux. These findings can be used and applied as useful insights towards any transit induced re-densification approaches of cities. Observed primarily from the descriptive case study, the first finding is about the collaborative approach of different levels of governments and interest groups that has acted as one of the major instigators of the tram and other associated urban projects in Bordeaux. The other finding is yielded from the quantitative and the qualitative analyses. These analyses find a pattern in the major focus area of the re-densification showing a tendency towards densifying the inner ring areas of the city. The details of these findings are explained as below. 
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7.1.1 Collaborative approach of different sectors: 
 The descriptive case study of Bordeaux suggests that the tramline has participated as a catalyst of densification in the city but not as a single entity. The success of the tram depends on many other factors, such as the history and culture of the city with the tram, the growing trend of incorporating tram as the primary mode of transportation in French cities and including the urban projects initiated by the interest of both private and public sectors.  French planning policies facilitate a top-down approach to planning that helps in the execution of projects at local level. The public sector designs plans at the national, regional or local levels and provides development opportunity to the private sector. Incorporating the private sector in such planning processes is one of the ways that has helped in the implementation of the overall densification approach in Bordeaux.  
 The Bordeaux tramway project is a part of a bigger national level project that connects Bordeaux and the southern part of France with Paris through a high-speed railway network. The Saint Jean station in Bordeaux, being a hub of the high speed rail network, has been strategically used as a hub of the tram and bus network as well to establish a multi-modal transportation network. This approach can also be seen in the urban projects studied earlier, specifically in the projects Bordeaux Euratlantique and the 50,000 housing projects. The national level project has impacts on the density of Bordeaux at city level which calls for the collaboration at local level. The Bordeaux- Paris high speed rail connection is a catalyst for a projected rise in population of the city Bordeaux and its surrounding municipalities. The tram project here feeds the need of this national project at 
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the city level. The important observation in this case is the collaboration of the national, regional and local governments to serve several planning purposes as a whole.  
 It is one of the lessons to be learned from Bordeaux where the tram project has not been conceptualized as a stand-alone transportation project but has been envisioned as a part of the future development strategy of the city and the nation. In cities where the planning process works under the surveillance of different local governments, implementing a strategy similar to Bordeaux might be a challenge. The existence of the CUB (the Urban Communities of Bordeaux), also known as the Bordeaux Metropole, is one of the instigators that has helped in collaboration of local governments for executing the tram project. This collaboration is crucial in establishing a successful transit- density relationship for any such cases. The case study of Bordeaux, tells us how strategically different levels of public and private sectors have worked together to use tram as a tool to manage density in the city and channelize the future growth in a directed way. It also tells us how the tram project has been envisioned not only as a transportation project but also as a project related to the housing and economic development of the city. Certainly, Bordeaux tells us the ‘right’ things to do for using a permanent public transportation infrastructure to manage the existing density or to introduce density or to direct density in a planned way.  
7.1.2 Inner ring development opportunity:  Derived from both descriptive and quantitative case studies, the densification approach in Bordeaux shows a pattern that closely suggests a preconceived objective towards the future development of the city. From historical perspective, Bordeaux 
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witnessed urban settlement predominantly in the inner part of its ancient first ring of wall or citadel. Although the wall today closely resembles the main artery of circulation, the growth of Bordeaux hardly ever exceeded the limitation of the inner ring. During the era of suburbanization, the population shifted outside the city or, as can be said, outside the outer ring. The inner ring area, in the course of time, has always been a transient area for development. The tram project, in this aspect, seems to be prolific in attracting growth in this inner region. Rise in both population and housing densities over the decade of the tram project implies a focus of densification in this inner ring area. This can be considered as an important find, as many urban redevelopment and re-densification approaches of modern cities concentrate on populating this kind of inner ring areas. This pattern of development attempts can be seen in any contemporary modern city.  
 The automobiles serve well the suburban regions. However, permanent public infrastructure, like the tram in Bordeaux, shows capability of densification of the peripheral areas of the city. The city center area, mainly due to the dense form, enjoys walkability. On the other hand, suburbs, in most cases, are well served by highways. In this case, the credibility of transit lies in providing access to the least accessible areas of the city. These areas, mostly situated in between the city center and suburbs, benefit from the advantage of locating near the tram. They also become more attractive to growth for being located in between the transient area from high to low density. The growth of these areas remain in much more controllable environment. As these areas are served primarily by the transit, the extent of development seems to be limited within the walkable distance from the transit lines. 
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 Public transportation, particularly a permanent transit infrastructure, perhaps delineates a path of growth for future. It is probably, the only form of mobility that has the ability to provide access to inaccessible areas of a city and at the same time control sprawl in the long run. The conclusion, hence, sheds light on redevelopment of the marginal regions of a city. Attempts to densify the marginal areas, work as filling in the gaps in a city. From a sustainable outlook, it saves the environmental assets, like farmlands or vineyards, from suburban sprawl. On the other hand, it opens up arena for new development and space to accommodate growth within existing boundary of urban settlement. To sum up, it can be said that transit provide opportunity for redevelopment in vacant pockets of a city in the era of land crisis and environmental concerns. It can be considered as a sustainable tool for development that promotes growth but limits sprawl. 
7.2  Discussion 
7.2.1 Bordeaux’s standing as a transit-density experiment  The two literature case studies of Copenhagen and San Francisco showed two extreme examples of the transit-density relation. The Copenhagen example showed a comprehensive and well directed application of this correlation in managing urban growth while the San Francisco example told a story of failure in anticipating the actual outcomes. The case study of Bordeaux, in understanding this transit-density relationship, uses these two extremes as a scale to judge the standing of Bordeaux in creating density with transit. The descriptive case study of Bordeaux showed that historically the tram had directed the growth path of the city. The new tram, reinforced by the urban densification projects, also encourages a similar pattern of dense development in the city. This observation gains more support with the findings from the quantitative analysis.  
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 The five different measures of density, support the conclusion that Bordeaux has been successful in directing the future growth of the city along its tramlines. This growth is also evident in the visual density change of the city over the years 2003 to 2012 supporting the fact of desired growth along the tram. Ultimately, it can be said that the case of Bordeaux shows a similar trend of transit-density relationship as studied in the finger-shaped plan of Copenhagen. Within a decade of the new tram project, the development followed the path of the tram as designed. The evidences support this statement for both physical and visual aspects of urban density. Although, the question remains about the result of this trend in the coming decades, at this time Bordeaux can be regarded as a successful example in establishing public transportation infrastructure as a tool to recreate urban density. It has hardly showed any evidence of discrepancies or unhandled growth that do not follow the aimed re-densification goals. And hence, it can be viewed as a successful example of the transit-density relationship. 
7.2.2 Supporting Transit-Density Relationship Theories  The three transit-density relationship theories studied earlier give an empirical base to the case study of Bordeaux helping in the understanding of the logics behind the correlation of the tram and the urban density. Descriptive, Qualitative and Quantitative analyses conclude to a successful approach in establishing this relationship through the new tram project in Bordeaux. The transit-density theories can be further useful to analyze the conclusions of the research and justify the findings. It is useful for future empirical studies in transit-density relationship to find out which of these theories can explain the case of Bordeaux in a more sensible way.  
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 The tram project in Bordeaux shows a strong support to the urban location theory. The tram provides better access and locational advantages in many remote areas of the city. Concentrating primarily on the northern and the eastern part of the city, these areas receive numerous amounts of development projects for their proximity to the tram. The gradient of density observed within the city limits also supports this theory as it responses to the factors of travel time, distance and cost to basic services. The distribution of the land uses also supports the locational advantage theory in this case. Commercial and residential land uses can be found taking more advantages out the tram than any other land use types. The developers’ perspective is also proved by the geography of the urban projects studied in the descriptive analysis. It shows that the projects benefit from the tram and hence, tend to develop in closer proximity to it.  
 The case study of Bordeaux also supports the land and transit coordination theory by findings primarily from the land use analysis. The land use analysis shows a distribution of mixed residential and commercial/ office uses concentrating along the tram. It resonates with the fact that transit can support more than one land uses encouraging a mixed use compact development. The land use analysis shows that areas further away from the tram observe less amount of mixed land uses. Discontinuous low density residential urban fabric is more prevalent in the areas that do not have direct access to the tram. The usefulness of this finding is that it establishes the effectiveness of transit in creating mixed and dense urban form desired by many contemporary cities. It is also an effective implementation approach for cities seeking sustainable and manageable development for future. 
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 Bordeaux Tramway is a collective approach to combine different forms of transportation as one monolithic system. The tram project, as studied in descriptive analysis, encouraged pedestrian and bicycle friendly environment in Bordeaux with less intrusion of the automobile and an integrated tram-bus-rail system. Facilities like park-and-ride and combined tram and bus stations contribute in establishing a complete and inclusive public transportation network. Supporting the multi-modal integrated system theory, the tram provides better access to other modes of transportation. It facilitates the transfer from one mode to another and offers more options for travel. Accessibility to multiple modes of transportation encourages development in certain areas as opposed to areas with limited options. The multimodal approach in Bordeaux is another immense finding in densification approach as many modern cities opt for various options of travel than singular mobility dependency.  
7.2.3 Scope for Further Studies  This research, on the understanding of using public transportation infrastructure as a tool to recreate urban density, primarily wraps up on the findings of the case study of Bordeaux, France. Its conclusions are based upon the results of the three different methods used for analyzing the urban density in the city. The findings have been combined together as an explanation on the interrelationship of transit with urban form. As the study solely relies on the observations from the case study, a lot of scope remains for further studies in this subject area. Firstly, the research restricts to the geographic boundary of Bordeaux commune or the city of Bordeaux. Although, this is crucial for the transit-density relationship in urban areas, an extension of the study can be done beyond the boundaries 
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of the city. Bordeaux tramway network extends beyond city limits and is distributed in the entire CUB area. Hence, similar study will be useful taking the CUB as the study area.  
Secondly, this research focuses primarily on the physical forms of density. It has tried to measure the changes in the parameters that are either quantitative or qualitative. However, the density, in urban context, has influences and effects that are more than just physical elements. A broader perspective in such case would be to look into urban policies that have effects on densification. Study on the government structure, policies and private sector behavior will be useful to understand transit-density relationship in a more comprehensive way. With this same view, another future scope will be to explore different actors involved in the whole densification process in Bordeaux. It will provide a business outlook to the research helping in gathering knowledge about roles of these actors in both tram and urban projects.  
 The research also lacks in terms of a complete visual density analysis. The analysis has been done in a citywide scale and on selective local scales. For an intensive qualitative analysis, urban design scale would be more beneficial. The analysis can be broken into neighborhood and street levels to note the changes in visual density as an effect of the tram project. Lastly, a detailed study on the budgeting and financial management can give a different perspective in the search of transit-density relationship. It can open up the area that focuses on the economic perspective of this correlation and hence, will be a useful inventory to establish such relationships. As this research focuses on a broad subject in a small scale, further studies can open up several other windows of transit-density relationship helping cities create density in a more desired and anticipated way.   
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